(protein kinase C) is believed to couple extracellular messenger-induced polyphosphoinositide turnover with diverse cellular events, e.g. thrombin-induced aggregation of, and neurotransmitter release from, platelets (Berridge, 1984; Berridge & Irvine, 1984; Nishizuka, 1984) . Recent reports indicate that protein kinase C may function in the negative feedback regulation of this induced polyphosphoinositide turnover (Leeb-Lundberg et al., 1985; Orellina et al., 1985; Watson & Lapetina, 1985) . Walsh et al. (1984) reported the use of Ca2+ -dependent hydrophobic interaction chromatography (using phenylSepharose CL4B) in the purification of protein kinase C and a Ca2+ -binding protein of M , 21 000 (21K CaBP) from bovine brain. The 21K CaBP was subsequently purified to homogeneity using heat treatment and hydroxyapatite chromatography. However, bulk purification of this calciprotein necessitated an additional fractionation step due to contaminating proteins. DEAESephacel chromatography yielded not only the 21K CaBP but also two previously undescribed Ca2+ -binding proteins of M , 18 400 and 17 000 (McDonald & Walsh, 1985~) . The 17K CaBP was found to be a potent inhibitor of protein kinase C (McDonald & Walsh, (l985a,b). We now describe a modified purification procedure which facilitates the isolation of not only the 17K CaBP with increased yields but also a novel potent protein kinase C inhibitor, an M , 12000Ca2+ -binding protein (12K CaBP). Bovine brain 100 OOOg supernatant (obtained from 750 g of tissue) was fractionated on phenyl-Sepharose exactly as described b Walsh et al. (1984) . We have found the yield of CaL-binding proteins to be higher using fresh rather than regenerated phenyl-Sepharose. Fractions eluted from this column by chelation of Ca2+ with EGTA were split into 21KCaBP-and 17KCaBP-rich pools which were heat-treated, dialysed and freezedried. After being redissolved in 20 mM-Tris/HCI (pH 7.5)/1 mM-EGTA/I mM-dithiothreitol, both protein mixtures were fractionated separately on DEAE-Sephacel (McDonald & Walsh, 1985~) . Detection of the eluted proteins by SDS/polyacrylamide-gradient slab-gel electrophoresis revealed the presence of not only the 21 K and 17KCaBPs, but also a 12KCaBP. The 17K and 12K CaBPs inhibited protein kinase C-catalysed phosphorylation of histone 111-S by an average of 75% at 2 . 9~~-17K CaBP and 85% at 4.1 ~M -I~K CaBP. The inhibitory effects of both calciproteins were not due to interaction with substrates or cofactors nor to phosphatase activity, as neither CaBP dephosphorylated substrates which had been previously phosphorylated by protein kinase C, even after a prolonged incubation period. The inhibitory effect was shown to be a property of these proteins since trypsin digestion destroyed the inhibitory effects of both calciproteins (Fig. I ).
Abbreviations used: 21KCaBP. 17KCaBP and 12KCaBP. M , 21 000, M, 17000 and M, 12000 &+-binding proteins respectively.
Vol. 14 As was observed in the case of the 17KCaBP (McDonald & Walsh, 1985a) , the 12KCaBP did not exhibit a Ca2+ -dependent mobility shift on SDS/polyacrylamide-gradient slab-gel electrophoresis nor appear to bind 45Ca2+ upon transblotting and 45Ca radioautography. This may be due to the inability of the 17K and 12K CaBPs to renature after SDS treatment and electrophoresis. The 12KCaBP appears to be distinct from other well-known calciproteins, as determined by amino acid analysis, and also from the 17K CaBP, as determined by their different susceptibility to proteolytic digestion by trypsin and the Staphylococcus aureus V8 protease.
The inhibitors of protein kinase C reported here exhibit a certain degree of specificity in that they have no effect on the calmodulin-dependent cyclic nucleotide phosphodiesterase or cyclic AMP-dependent protein kinase. In addition, the 17K CaBP has no effect o n myosin light-chain kinase. Therefore, both the natural inhibitors reported here may be even more useful than the recently reported isoquinolinesulphonamides (Hidaka Bovine corpora striata represent a readily available and abundant source of dopamine-D, receptor. Essential preliminary work in receptor purification is the establishment of a solubilization method that is efficient, quick and of low cost. In order to maximize the yield of functional receptor, solubilization using sodium cholate and NaCl was optimized and a comparison made with six other agents. Experiments were performed on a mixed mitochondrialmicrosomal membrane fraction prepared from freshly frozen ( -70°C) bovine striata (Davis et al., 1981) . The membrane pellet was made up in pH 7.4 buffer (Hall et al., 1983) to a protein concentration of 6 8 mg/ml and then frozen at -70°C until required. Solubilization was achieved by gently agitating (Ih, 4°C) equal volumes of the membrane preparation and the solubilizing agent made up in buffer (Hall et al., 1983) and then centrifuging at IOOOOOg (rav, 6.4cm) for Ih at 4°C. Receptors were assayed using [ ' Hlspiperone binding and incorporating ketanserin (lo-' M) to block serotonin receptors (Hamblin et al., 1984) . Specific binding was defined by using (+)-butaclamol ( M). For soluble receptors, a polyethylene glycol precipitation step was employed. (Lew & Goldstein, 1984) .
Solubilization using cholate and NaCl was optimized independently with regard to concentration of NaCI, cholate and membrane protein. For NaCI, Concentrations from 0 to 2 . 0~ were used and the amount of protein solubilized increased over the range. Assayable receptors were not detected until NaCl concentration was greater than O .~M , and an optimum of 1 . 5~ was established. Cholate concentrations from 0 to 1% (w/v) were tested and assayable receptors were maximal at 0.2%. The combination of NaCl (I .5 M) and cholate (0.2%) was used over a range of membrane protein from 0.5 to 8 mg/ml. Total protein solubilized was fairly constant at 60-65%, but the amount of soluble receptors was maximal at a protein concentration of 4mg/ml. At this optimum, it was calculated that 57.9 k 1.5% of total receptors was solubilized. Solubilization was confirmed by lack of sedimentation at 200000g (rav. 6.4cm, 2h, 4°C) and passage of the soluble fraction through filters (0.2pm) with a recovery of 95%. Saturation experiments were performed on the membrane bound and soluble receptor using concentrations of ['Hlspiperone from 20 PM to 5 nM. Eadie-Hofstee analysis of the data (Zivin & Waud, 1982) for the membrane-bound and the soluble receptor respectively gave B,,,,,. 6.3pmol/g of tissue, KD 0 . 1 4 n~, and B,,,,,, 3.6pmol/g of tissue, KD 0.2211~. The value of NaCl in receptor solubilization was then determined for six other agents commonly employed for membrane and receptor solubilization. The incorporation of 1.5 M-NaCI increased the total protein solubilized in all cases, but an increase in assayable receptors was only detected with 3-(3-~holamidopropyl)dimethylammonio-1 -propane-sulphonate (Chaps), its hydroxy derivative, Chapso, and digitonin. Triton X-100, sulphobetaine-14 and mega-9 (nonanoyl-N-methylglucamide) did not yield measurable receptors whether or not NaCl was included. Chaps and Chapso both solubilized about 50% of total receptors when NaCl was included, but the relative expense of Chapso precludes its use in bulk purification. Further examination of the Chaps/NaCIsolubilized receptors showed that they behaved anomalously when compared with the cholate/NaClsolubilized receptors. For the latter, the incorporation of ketanserin (lo-' M) reduced specific binding by 3-9% (Table 1) while with Chaps/NaCl the reduction was temperature-dependent and much more marked (1 1 % at 25°C and 41 YO at 4°C). The reason for this is unclear but confirms a previous finding (Wheatley et al., 1984) that Chaps is not suitable for the solubilization of the bovine D, receptor. It is concluded that the cholate/NaClsolubilization system optimized here is efficient, reliable, easily performed and inexpensive.
